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Abstract. The transverse momentum spectra of charged hadrons are a useful
tool in the investigation of particle production in nucleus-nucleus collisions at
RHIC. The PHENIX Collaboration has collected and analyzed a variety of data
on charged hadrons for different energies and collision species, a summary of
which is presented here, with emphasis on the measured nuclear modification
factors, which establish the suppression of high pT hadrons in central nucleus-
nucleus collisions, and on the proton to pion ratios, which show an enhancement
in baryon production at intermediate pT .
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1. Introduction

Collisions of heavy nuclei at relativistic energies, such as the ones at RHIC, provide
a unique opportunity for the study of nuclear matter at very high temperatures
and energy densities. It is expected that under these conditions matter may enter a
state where quarks and gluons are no longer confined into hadrons. The motivation
for the experimental program at RHIC is to explore this transition and study the
new state of matter that may result from it.

For low transverse momentum ( < 2 GeV/c) the pT distributions measured in
Au+Au collisions are well reproduced by hydrodynamical models, which also de-
scribe the anisotropy of the produced particle distributions through the elliptic flow
amplitude, v2. Statistical thermal models are able to reproduce the relative abun-
dances of different particle species in this region, with a baryon chemical potential
and a chemical freeze-out temperature as parameters. At high pT ( > 4 GeV/c) par-
ticle production is expected to be dominated by hard scattering processes that can
be calculated by perturbative Quantum Chromodynamics (pQCD). It has however
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been observed at RHIC [1,2] that the yield of high pT hadrons in central collisions
is suppressed relative to the binary collision scaling that would be expected if the
Au+Au collisions were equivalent to a superposition of nucleon-nucleon collisions,
i.e., in the absence of medium effects. This suppression is likely to be a result of
the energy loss that hard partons suffer as they traverse the hot and dense medium
created in the collision [3].

2. Detector Systems and Data Analysis

The PHENIX Central Arms allow for charged particle tracking over the pseudora-
pidity range |η| < 0.35 and 180 degrees in azimuthal angle, φ. In each arm, particle
tracks are recorded by a drift chamber (DC), and 3 layers of pad chambers (PC1-3,
PC2 in the West Arm only). Particle identification is obtained from a ring imaging
Čerenkov detector (RICH), a time of flight wall (TOF) and the electromagnetic
calorimeter (EMCal). Collisions along the beam axis, occurring within 30 cm from
the nominal interaction position, are triggered by the Beam-Beam Counters (BBC),
placed in the 3-4 pseudorapidity range on both sides of the interaction region. The
BBC are also used to determine the collision centrality, and provide reaction place
information. A more detailed description of the PHENIX Central Arms can be
found in Ref. [4].

The charged hadron track reconstruction is based on information from the DC,
PC1-3 and the vertex determined by the BBC. Matching hits in the pad chambers
are required, and the resulting tracks are projected back to the collision vertex,
through the magnetic field, for momentum determination. The momentum scale is
known to better than 0.7%. The charged particle spectrum is then corrected for
geometrical acceptance, reconstruction efficiency and momentum resolution using
a single-particle GEANT based simulation, and the multiplicity dependence of the
reconstruction efficiency is determined by embedding single particle tracks into real
collision events.

Particle identification is based on the mass calculation from the measured mo-
mentum and velocity obtained from the time-of-flight and path length along the
particle’s trajectory. The identified charged hadron results presented here were
measured using the section of the central arm that contains the TOF detector,
which covers 22.5 degrees in azimuth. The TOF timing resolution is σ ≈ 103 ps.

3. Nuclear Modification Factor

In order to compare the yield of produced particles in a nucleus-nucleus collision
to the p+p reference measurement it is useful to define the Nuclear Modification
Factor, RAB as:

RAB =
(

1
Nevt

d2NA+B

dηdpT

)
/

(
〈TAB〉

d2σp+p

dηdpT

)
(1)
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where 〈TAB〉 is the average Glauber nuclear overlap function, 〈Ncoll〉/σp+p
inel , for a

given centrality class. Measurements of RAA in Au+Au collisions at RHIC have
shown that at high pT particle production is suppressed [1, 2], by up to a factor of
five in the most central collisions. This suppression is however absent in peripheral
Au+Au collisions, and in d+Au collisions, leading to the belief that it is due to final
state medium effects. Measurements of two particle azimuthal correlations show
that in central Au+Au collisions the “away-side jet” is also suppressed [5,6], which
points to the same scenario of energy loss of hard partons in the dense medium.

The understanding of the origin of the measured suppression can be improved
by additional studies of how it depends on geometry and collision energy. The
Cu+Cu data collected in Run-5 of RHIC, at three different energies, are ideally
suited for these studies. A preliminary charged hadron spectra analysis of the
Cu+Cu data set at

√
sNN = 200 GeV was performed using less than 10% of the

total Minimum Bias data set recorded by PHENIX during Run-5. This preliminary
measurement (Fig.1) reaches up to 4 GeV/c in transverse momentum; in order
to extend the measurement to higher pT a detailed study of background tracks
that are incorrectly reconstructed as high momentum charged hadrons is necessary.
The systematic errors shown are dominated by the uncertainty on the level of this
background contribution. When comparing to Au+Au results for RAA [2], it is seen
that for similar average numbers of collision participants, Npart, the Cu+Cu and
Au+Au results agree quite well, even though they correspond to different collision
geometries: central for Cu+Cu and mid-central for Au+Au.
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Fig. 1. Comparison between measured RAuAu for collisions in the 30-40% cen-
trality range and RCuCu for the 10% most central collisions. The two centrality
regions have similar 〈Npart〉.
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Figure 2 shows RAuAu measured by PHENIX [7] in central collisions at
√

sNN =
200 GeV, for protons, pions and kaons. It is seen that there is a clear difference in
the trend as a function of pT between the protons and the mesons. While the pions
and kaons are suppressed, the yield of protons grows with increasing pT relative to
the p+p reference. This difference in behavior is related to the difference seen at
intermediate pT between the RAA of π0 and charged hadrons [2].
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Fig. 2. RAuAu for protons, pions and kaons as a function of pT in central collisions
at

√
sNN = 200 GeV [7].

In central Cu+Cu collisions at
√

sNN = 200 GeV (Fig.3) the situation is similar
to the one observed in Au+Au for the RAA of identified hadrons. The Npart scaling
of RAA seen in Fig.1 applies also to the individual identified hadrons (not shown
here), both in terms of magnitude and shape of the pT dependence.

4. Baryon Anomaly

A surprising result from early on at RHIC was the enhancement of the proton yield
relative to the pion yield in central Au+Au collisions for intermediate values of
pT (∼ 2-4 GeV/c) [8, 9]. This observation fits within a more general trend seen
in several different measurements, in which baryons and mesons behave differently,
regardless of actual particle masses.

Figure 4 shows the proton to pion ratio for Au+Au and Cu+Cu collisions
at

√
sNN = 200 GeV as a function of pT . The enhancement trend for central
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Fig. 3. RCuCu for protons, pions and kaons as a function of pT in central collisions
at

√
sNN = 200 GeV.

collisions is seen for both systems, even though the magnitude is significantly higher
in Au+Au. Results from this analysis [10] also indicate that the Npart scaling seen
for RAA applies to this observable as well, i.e., the results for Cu+Cu and Au+Au
at equivalent average Npart are very similar.

In order to explain the proton to pion ratio and other measurements for baryons
at intermediate pT , it has been suggested [11–13] that in this region the recombina-
tion of quarks into hadrons may be an efficient mechanism of hadron production,
when compared to fragmentation (which dominates at higher pT ). Extension of
the present measurements of p/π+ (p̄/π−) to higher pT will provide additional
constraints to theoretical models which include recombination, since its effect is
expected to decrease at higher pT , therefore decreasing the proton enhancement.

5. Summary

A sampling of recent results from PHENIX on charged hadron production in Au+Au
and Cu+Cu collisions has been presented. Suppression of high pT charged hadrons
is present for both collision systems, but results for identified hadrons show that at
intermediate pT only mesons are suppressed. For protons, an enhancement is seen,
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Fig. 4. p/π+ as a function of pT for Au+Au and Cu+Cu collisions at
√

sNN =
200 GeV, for central and peripheral collisions.

both relative to the p+p reference, and to the yield of pions in the same collisions.
When comparing Au+Au to Cu+Cu results for

√
sNN = 200 GeV, it is seen that

both RAA and particle ratios show Npart scaling.
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